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Spy Physics: 
Using a laser to “hear” a conversation
Trung Hieu T. Nguyen and Timothy T. Grove
Indiana University Purdue University Fort Wayne Department of Physics
Abstract
Like many kids, I always wondered if there are really spy technologies. 
There are many devices that just seem too cool to have any basis in 
reality, but some devices might be feasible. 
The goal of this particular experiment is to examine if one can use a laser 
beam to detect a conversation in an office through use of laser light 
reflection off a window. The experiment uses a Michelson interferometer 
where one of the mirrors is representative of an office window. The 
vibrations of the “office window” due to sounds reflecting from  it can 
then be used to detect sound. We examined a model version where the 
sound from the speaker must propagate through air to vibrate a mock 
“office window” in a sound proof box.
The Model 
This experiment was performed on a floating laser table.  We used a standard 
Michelson interferometer set up.  This model experiment requires a sound 
proof box with a speaker inside.  Using too much sound volume is counter 
effective in this experiment as it causes disturbances in the signal.
The data is acquired at a rate of 44100 samples/sec (this is a standard 
frequency used for WAV files) and is then analyzed through a  LabVIEW® 
program.  The signal is converted to a WAV file which can then be easily 
played from any computer.
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The main purpose of the box is to eliminate any, if not all, sounds from the 
environment and only having the sound from the speaker vibrate a tinted 
glass window within the box. Thus creating the ideal situation of sound 
propagating through air. 
The box (shown above) is mostly constructed from plywood and ceiling tiles. 
Green Glue® (a sound absorbing adhesive) is used to connect the plywood 
and tiles.  Inside the box, a speaker rests upon a foam bed and is aimed at a 
warped piece of sheet metal (too allow larger vibrations).  A 50mm × 50mm 
piece of tinted glass serves as the mirror.
Experimental Difficulties
• Background noises (even in a quiet room) can overwhelm the signal from 
the speaker.
• Noise suppression programs (such as those in Audacity®) could not 
adequately remove that background noise. 
Our method:
Step 1:  We divide the signal into 0.100 second long pieces.
Step 2:  We take the Fast Fourier Transform (FFT) of each of those pieces.  
The amplitudes from these FFT’s are then averaged together for each 
frequency. Intermittent sounds  will be minimized in this average and 
recurring sounds will add up.  For convenience, we will call this average 
FFT1.
Step 3:  The FFT of the entire signal (10 to 15 seconds long) is taken. For 
convenience, we will call this FFT2.
Step 4:  The amplitudes of FFT2 are then divided by the amplitudes of FFT1 
for corresponding frequencies. Due to the differences in time durations, FFT1 
frequencies correspond to a range of frequencies for FFT2.  
Step 5:  The quotients from the previous divisions are paired with the 
corresponding phases from FFT2.  An inverse FFT is then performed to yield a 
filtered signal. 
Raw Results and Filtered Results
Our solution: A crude way for the computer to recognize 
music/conversation from noise. 
One significant difference between our wanted signal and the background noise 
is that our signal is constantly changing over time while the background noises 
are (for the most part) consistently the same.  This can be used to distinguish 
wanted signal from unwanted noise through short time Fourier transforms.
Conclusions
The way of eliminating the background noise and what we want to listen to 
is still progressing. We are able to listen in using a laser but not as “spy-like” 
as hoped. Moving the experiment one step further is to use an IR laser and 
reducing the scale to be much more “spy-like” in the future.
